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WHAT IS CLAIMED IS: 

1-72 (Canceled) 

73. (New) A method for increasing the strength of a volume of soil, 
particularly for containing and supporting excavation faces, comprising at 

5 least one reinforcement phase that comprises the following steps: 

- a step for preparing receptacles for a reinforcement structure, in 
which a plurality of mutually spaced reinforcement holes are formed, said 
holes being arranged substantially vertically or inclined with respect to a 
vertical direction in the volume of soil to be strengthened; 

10 - a step for inserting the reinforcement structure, during which 

reinforcement elements are inserted in said reinforcement holes; 

- a step for locking the reinforcement structure, during which a 
synthetic locking substance that expands by chemical reaction is injected 
into said reinforcement holes, said substance being adapted to bond said 

15 reinforcement elements with the surrounding soil. 

74. (New) The method of claim 73, wherein said reinforcement holes 
and said reinforcement elements are inclined with respect to the vertical on a 
plane that is parallel to the excavation face. 

75. (New) The method of claim 73, wherein said reinforcement holes 
20 and said reinforcement elements are inclined with respect to the vertical on a 

vertical plane that is perpendicular to the excavation face. 

76. (New) The method of claim 73, wherein said reinforcement holes 
and said reinforcement elements are inclined with respect to the vertical on a 
plane that is parallel to the excavation face and on a vertical plane that is 

25 perpendicular to the excavation face. 

77. (New) The method of claim 73, wherein said reinforcement holes 
and said reinforcement elements are inclined with respect to the vertical 
toward the volume of soil to be strengthened. 

78. (New) The method of claim 77, wherein said reinforcement holes 
30 are provided at a distance from the excavation face to be produced or from 



3 



the exposed face of the volume of soil to be strengthened that is substantially 
comprised between 0.10 m and 2.00 m. 

79. (New) The method of claim 77, wherein a distance between two 
contiguous reinforcement holes is substantially comprised between 0.20 m 

5 and 2 m. 

80. (New) The method of claim 77, wherein said reinforcement holes 
have a diameter that is substantially comprised between 12 mm and 180 mm. 

8 1 . (New) The method of claim 77, wherein said reinforcement holes 
are arranged, in plan view, in rows that are substantially parallel to the 

10 excavation face or to the exposed face of the volume of soil to be 
strengthened. 

82. (New) The method of claim 79, wherein a distance between two 
contiguous rows of said reinforcement holes is substantially comprised 
between 0.10 m and 2.00 m. 

15 83. (New) The method of claim 77, wherein said reinforcement holes 

and/or said reinforcement elements have such a length as to pass through a 
natural lie of the excavation face or deep slip surface of the volume of soil to 
be strengthened. 

84. (New) The method of claim 83, wherein said reinforcement holes 
20 and/or said reinforcement elements have such a length as to penetrate for at 

least 0.5 m in the soil that lies below the natural lie of the excavation face or 
the deep slip surface of the volume of soil to be strengthened. 

85. (New) The method of claim 77, wherein said reinforcement 
elements have a tensile strength of more than 5 MPa. 

25 86. (New) The method of claim 77, wherein said reinforcement 

elements have a shear strength of more than 0.3 MPa. 

87. (New) The method of claim 77, wherein said reinforcement 
elements are constituted, for each one of said reinforcement holes, by a bar 
that can be inserted in the corresponding reinforcement hole. 

30 88. (New) The method of claim 87, wherein said bar has a solid cross- 
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section whose diameter is smaller than the corresponding reinforcement 
hole. 

89. (New) The method of claim 87, wherein said bar is constituted by 
a tubular element with openings on its side surface, said tubular element 

5 having a diameter that is smaller than, or equal to, the diameter of the 
corresponding reinforcement hole. 

90. (New) The method of claim 89, wherein said tubular elements that 
constitute said reinforcement elements have an outside diameter that is 
substantially comprised between 12 mm and 180 mm and an inside diameter 

10 that is substantially comprised between 8 mm and 150 mm. 

91. (New) The method of claim 89, wherein the lateral openings 
formed in the lateral surface of said tubular elements that constitute the 
reinforcement elements occupy at least 30% of the lateral surface of said 
tubular elements. 

15 92. (New) The method of claim 73, wherein during said locking step 

the synthetic locking substance is injected into the reinforcement holes 
laterally to the corresponding reinforcement element. 

93. (New) The method of claim 92, wherein during said locking step 
the synthetic locking substance is injected into the reinforcement holes 

20 inside the corresponding tubular element that constitutes the reinforcement 
bar. 

94. (New) The method of claim 77, wherein the upper end of said 
reinforcement elements is anchored to the soil located outside a thrust wedge 
or to a foundation structure of an existing building that is crossed by said 

25 reinforcement holes. 

95. (New) The method of claim 73, further comprising a phase for 
consolidating the volume of soil to be strengthened, said phase comprising 
the following steps: 

- a drilling step, in which a plurality of injection holes are produced, 
30 said holes being mutually spaced and being arranged substantially vertically 
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or inclined with respect to a vertical direction within the volume of soil 
whose resistance to all the various stresses is to be increased; 

- an injection step, in which a synthetic consolidation substance is 
injected into said injection holes, said substance expanding by chemical 
5 reaction and being adapted to compact, as a consequence of its expansion, 
the surrounding soil. 

96. (New) The method of claim 95, wherein said injection holes are 
produced at a distance from the excavation face to be produced or from the 
exposed face of the volume of soil to be strengthened that is substantially 

10 comprised between 0.10m and 2.00 m. 

97. (New) The method of claim 95, wherein a distance between two 
contiguous injection holes is substantially comprised between 0.20 m and 2 
m. 

98. (New) The method of claim 97, wherein said injection holes have 
15 a diameter substantially comprised between 12 mm and 180 mm. 

99. (New) The method of claim 98, wherein said injection holes are 
arranged, in plan view, in rows that are substantially parallel to the 
excavation face or to the exposed face of the volume of soil to be 
strengthened. 

20 100. (New) The method of claim 97, wherein the distance between 

two contiguous rows of said injection holes is substantially comprised 
between 0.10 m and 2.00 m. 

101. (New) The method of claim 95, wherein in said injection step 
and/or in said locking step, the synthetic substance is injected by means of 

25 injection tubes that are inserted in the corresponding injection holes and/or 
in the corresponding reinforcement holes, gradually extracting the injection 
tube from the corresponding injection hole and/or from the corresponding 
reinforcement hole. 

102. (New) The method of claim 101, wherein said injection tubes 
30 used in said consolidation phase and/or in said reinforcement phase have a 
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diameter that is substantially comprised between 6 mm and 30 mm. 

103. (New) The method of claim 102, wherein at least the outer 
surface of said injection tubes used in said consolidation step and/or in said 
reinforcement step is made of, or treated with, a lubricating substance in 

5 order to facilitate extraction thereof from said injection holes and/or from 
said reinforcement holes. 

104. (New) The method of claim 101, wherein extraction rate of the 
injection tube from the corresponding injection hole and/or from the 
corresponding reinforcement hole and/or flow rate of synthetic substance 

10 delivered during extraction in said injection step or in said locking step is 
changed according to the stratigraphic characteristics of the soil crossed by 
the injection hole and/or by the reinforcement hole in order to deliver larger 
quantities of synthetic substance in weaker layers of the soil and smaller 
quantities of synthetic substance in stronger layers of the soil. 

15 105. (New) The method of claim 101, wherein the injection pressure 

of said synthetic substance is substantially comprised between 5 and 30 bar. 

106. (New) The method of claim 101, wherein said synthetic 
substance has a modulus of elasticity on the same order of magnitude as the 
modulus of elasticity of the soil in which it is injected, i.e., less than 500 

20 MPa. 

107. (New) The method of claim 95, wherein the chemical expansion 
reaction of said synthetic substance is not affected by the presence of water 
in the surrounding soil. 

108. (New) The method of claim 107, wherein said synthetic 
25 substance, after expansion, cannot be altered by the presence of water in the 

surrounding soil. 

109. (New) The method of claim 108, wherein said synthetic 
substance is constituted by a closed-cell polyurethane foam. 

110. (New) The method of claim 109, wherein said synthetic 
30 substance is constituted by an MDI isocyanate and by a mixture of polyols. 
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111. (New) The method of claim 102, wherein said consolidation 
phase is performed before said reinforcement phase. 

112. (New) The method of claim 95, wherein said synthetic 
consolidation substance has a potential volume increase substantially 

5 comprised between 2 and 30 times the volume of said synthetic substance 
prior to expansion. 

113. (New) The method of claim 95, wherein said synthetic 
consolidation substance has a potential volume increase substantially 
comprised between 5 and 30 times the volume of said synthetic substance 

10 prior to expansion. 

114. (New) The method of claim 95, wherein said synthetic 
consolidation substance has a reaction time substantially comprised between 
2 and 80 seconds. 

115. (New) The method of claim 95, wherein said synthetic 
1 5 consolidation substance has a reaction time substantially comprised between 

2 and 15 seconds. 

116. (New) The method of claim 95, wherein said synthetic 
consolidation substance has a maximum expansion pressure that is higher 
than the tension in the volume of soil to be strengthened. 

20 117. (New) The method of claim 116, wherein said synthetic 

consolidation substance has a maximum expansion pressure, in fully 
confined conditions, that is substantially comprised between 200 KPa and 
10,000 KPa. 

118. (New) The method of claim 112, wherein said synthetic 
25 consolidation substance has a maximum expansion pressure of substantially 

more than 500 KPa. 

119. (New) The method of claim 117, wherein said synthetic 
consolidation substance, prior to the chemical expansion reaction, has a 
viscosity substantially comprised between 100 mPa-s and 700 mPa-s at 25° 

30 C. 
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120. (New) The method of claim 119, wherein the viscosity of said 
synthetic consolidation substance passes from a value comprised between 
100 mPas and 700 mPa-s to a value that tends to infinity in a time interval 
comprised between 5 and 20 seconds starting from the beginning of the 

5 chemical expansion reaction. 

121. (New) The method of claim 117, wherein said synthetic 
consolidation substance has, after expansion, in conditions in which 
expansion is not confined, a density of substantially 30 Kg/m 3 . 

122. (New) The method of claim 95, wherein said synthetic 
10 consolidation substance, once injected into the soil and hardened, has a 

density substantially comprised between 100 Kg/m 3 and 400 Kg/m 3 . 

123. (New) The method of claim 122, wherein said synthetic 
consolidation substance, once injected and hardened, has a tensile strength 
that is substantially comprised between 0.75 MPa and 5.50 MPa respectively 

15 at the densities of 100 kg/m 3 and 400 kg/m 3 . 

124. (New) The method of claim 123, wherein said synthetic 
consolidation substance, once injected and hardened, has a compressive 
strength that is substantially comprised between 0.68 MPa and 8.78 MPa 
respectively at the densities of 100 kg/m 3 and 400 Kg/m 3 . 

20 125. (New) The method of claim 124, wherein said synthetic 

consolidation substance, once injected and hardened, has a flexural strength 
that is essentially comprised between 0.95 MPa and 6.00 MPa respectively at 
the densities of 100 kg/m 3 and 400 kg/m 3 . 

126. (New) The method of claim 125, wherein the synthetic 
25 consolidation substance, once injected and hardened, has a shear strength 

substantially comprised between 0.34 MPa and 4.39 MPa respectively at the 
densities of 100 kg/m 3 and 400 kg/m 3 . 

127. (New) The method of claim 95, wherein said synthetic locking 
substance has a potential volume increase substantially comprised between 1 

30 and 5 times the volume of said synthetic substance prior to expansion. 
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128. (New) The method of claim 127, wherein said synthetic locking 
substance has a reaction time substantially comprised between 2 and 80 
seconds. 

129. (New) The method of claim 128, wherein said synthetic locking 
5 substance has a maximum expansion pressure that is lower than the limit 

breaking pressure of the contiguous soil affected by the consolidation step. 

130. (New) The method of claim 128, wherein said synthetic locking 
substance has a significant decrease in the maximum expansion pressure 
(dissipation) following a degree of expansion thereof of 5%, or less. 

10 131. (New) The method of claim 129, wherein said synthetic locking 

substance has a maximum expansion pressure, in fully confined conditions, 
that is comprised between 20 KPa and 200 KPa. 

132. (New) The method of claim 131, wherein said synthetic locking 
substance, prior to the chemical expansion reaction, has a viscosity 

15 substantially comprised between 100 mPa-s and 500 mPa-s at 25° C. 

133. (New) The method of claim 132, wherein the viscosity of said 
synthetic locking substance passes from a value comprised between 100 
mPa-s and 500 mPa-s at 25° C to a value that tends to infinity in a time 
interval comprised between 10 and 80 seconds starting from the beginning 

20 of the chemical expansion reaction. 

134. (New) The method of claim 127, wherein said synthetic locking 
substance has, after expansion, in non-confined expansion conditions, a 
density of at least 200 Kg/m 3 . 

135. (New) The method of claim 134, wherein said synthetic locking 
25 substance, once injected into the soil and hardened, has a density 

substantially comprised between 400 Kg/m 3 and 800 Kg/m 3 . 

136. (New) The method of claim 135, wherein said synthetic locking 
substance, once injected and hardened, has a tensile strength substantially 
comprised between 5.60 MPa and 17.80 mPa respectively at the densities of 

30 400 kg/m3 and 800 kg/m 3 . 
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137. (New) The method of claim 136, wherein said synthetic locking 
substance, once injected and hardened, has a compressive strength 
substantially comprised between 8.78 MPa and 34.42 MPa respectively at 
the densities of 400 kg/m 3 and 800 kg/m 3 . 
5 138. (New) The method of claim 137, wherein said synthetic locking 

substance, once injected and hardened, has a flexural strength substantially 
comprised between 7.18 MPa and 1 1.98 MPa respectively at the densities of 
400 kg/m 3 and 800 kg/m 3 . 

139. (New) The method of claim 138, wherein said synthetic locking 
10 substance, once injected and hardened, has a shear strength substantially 

comprised between 4.40 MPa and 17.20 MPa respectively at the densities of 
400 kg/m 3 and 800 kg/m 3 . 

140. (New) The method of claim 95, wherein said consolidation phase 
is performed substantially simultaneously with said reinforcement phase. 

15 141. (New) The method of claim 140, wherein said consolidation 

phase is performed substantially simultaneously with said reinforcement 
phase by producing said reinforcement holes and said injection holes, 
inserting in said reinforcement holes said reinforcement elements and then 
injecting said synthetic consolidation substance into said injection holes and 

20 said synthetic locking substance into said reinforcement holes. 

142. (New) The method of claim 95, wherein the synthetic locking 
substance used in said reinforcement phase, in the absence of said 
consolidation phase or when performing said reinforcement phase 
substantially simultaneously with said consolidation phase, has a maximum 

25 expansion pressure, in fully confined conditions, comprised between 20 KPa 
and 10,000 KPa. 

143. (New) The method of claim 142, wherein the synthetic locking 
substance used in said reinforcement phase, in the absence of said 
consolidation phase or when performing said reinforcement phase 

30 substantially simultaneously with said consolidation phase, once injected 
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into the soil and hardened, has a density substantially comprised between 
250 kg/m 3 and 400 kg/m 3 . 

144. (New) The method of claim 95, wherein the synthetic locking 
substance injected into the reinforcement holes in said reinforcement phase, 
in the absence of said consolidation phase or when performing said 
reinforcement phase substantially simultaneously with said consolidation 
phase, is constituted by said synthetic consolidation substance. 



